The interannual variability of summer precipitation over the eastern Tibetan Plateau (ETP) was examined in relation to the Northern Hemisphere macroscale circulation patterns during the period 1961-90. Summer precipitation data for 66 stations located above 2000 m MSL are used in the analysis. Using principal component analysis, it is found that the dominant spatial pattern of interannual variability of the summer precipitation is a seesaw structure between the southern and northern parts of ETP. Correlation analysis shows that this pattern of precipitation anomalies is closely associated with the North Atlantic oscillation (NAO). Further analysis based on midtropospheric geopotential height and wind data suggests the upstream zonal flow variation associated with the NAO pattern as the major mechanism linking the regional precipitation fluctuation to macroscale circulation conditions. During the summers of low NAO index values, the westerly winds between 40Њ and 50ЊN from the eastern Atlantic to Europe are intensified. The enhanced upstream westerly winds generate anomalous anticyclonic flows in the lower-latitude area to the west of the plateau and stronger dynamic bifurcation flows to the south of the plateau, which promote development of cyclonic flows to the east of the plateau. As a result, the southerly winds in the southern ETP and the northerly winds in the northern ETP are strengthened simultaneously. In this case, summer precipitation is usually above normal in the southern ETP but below normal in the northern ETP. During the summers of high NAO index values, the above processes are reversed, producing a pattern with below-normal precipitation in the southern ETP and above-normal precipitation in the northern ETP. This study suggests that the combination of the dynamic effect of large orography such as the Tibetan Plateau and the macroscale atmospheric circulation can be the determinant factor of regional climatic variability.
Introduction
The Tibetan Plateau, with an average height of more than 4000 m above sea level (MSL) and an area of 2300 000 km 2 , is considered one of the most prominent features on the earth. Because of its height and size, it plays important roles in determining the formation and variation of regional weather and climate in east and south Asia, as well as the Northern Hemisphere atmospheric circulation in general (Manabe and Terpstra 1974; Yeh and Gao 1979; Murakami 1987; Manabe and Broccoli 1990; Kutzbach et al. 1993; Tang et al. 1998 ). The Tibetan Plateau exerts dynamic blocking effects on zonal and meridional air motions, resulting in strong horizontal and vertical perturbations of atmospheric flows. For example, the westerly flows bifurcate on the west side of the plateau and converge on the east side of the plateau (Ding 1994) . Moreover, the Tibetan Plateau as a huge elevated heat source in summer greatly affects the atmospheric circulation through its thermal effect (Yeh and Gao 1979; Yanai et al. 1992) .
Regardless of its significance in influencing regional and global atmospheric conditions, however, the study of climatic variability of the Tibetan Plateau itself has been relatively limited until very recently. This is partially due to the fact that data collection process in this remote area is difficult and expensive. The weather station network was gradually established and several large-scale scientific research expeditions were carried out on the Tibetan Plateau since the 1950s, but the exchange of data between Chinese and western scholars had been at a rather limited capacity because of political and other reasons. The complex terrain and variable boundary conditions of the Tibetan Plateau create unique weather and climatic characteristics, as described in some Chinese and English literatures (e.g., Yeh and Gao 1979; Tang et al. 1979; Zhang and Lin 1992 ; Dom-L I U A N D Y I N rös and Peng 1988). In recent years, there have been more specific analyses on the interannual variability of precipitation over the plateau. For example, Lin and Zhao (1996) divided the Tibetan Plateau into nine subregions in terms of precipitation variation regimes and found that some subregions became drier but others wetter, while most of the plateau had a warming trend in recent decades (Liu and Chen 2000) . Tang et al. (1998) suggested that the spatial distribution of the precipitation anomaly over the Tibetan Plateau and its neighboring areas is controlled by the variation in the regional atmospheric circulation of the so-called ''plateau monsoon'' on the decadal timescale. There are also studies on precipitation variability over China in general, which include discussions about the Tibetan Plateau (e.g., Nitta and Hu 1996; Wang and Wu 1997; Weng et al. 1999) . Although the knowledge of the Tibetan Plateau meteorology has been acquired along with continuous accumulation of various data collected over the plateau, our understanding of the climatic variation across the Tibetan Plateau is still far from complete.
The Northern Atlantic oscillation (NAO) is one of the major atmospheric teleconnection patterns in the Northern Hemisphere (Rogers 1984) . The NAO pattern is also one of the few teleconnection patterns that have a year-round presence, and reflects the dominant mode of atmospheric behavior in the North Atlantic sector throughout the year although it is most pronounced during winter. It originally describes the temporal fluctuation of the zonal wind strength across the North Atlantic corresponding to pressure variations in both the subtropical anticyclone belt and in the subpolar low area near Iceland, and Walker (1924) and Walker and Bliss (1932) suggested a simple index of the NAO as the surface pressure difference between the Azores and Iceland. Past studies have shown that the NAO pattern has significant seasonal and interannual variability (Rogers 1984; Hurrell 1995) . It is strongly associated with the location of the North Atlantic polar front, intensity of the westerlies, macroscale zonal and meridonal heat and moisture transfer, and storm tracks in the North Atlantic and surrounding regions (Walker and Bliss 1932; van Loon and Rogers 1978; Rogers and van Loon 1979; Rogers 1984; Hurrell 1995) . Therefore, it has great influence on the weather conditions across the eastern United States and western Europe. When the NAO index is highly positive, the geopotential height over the high latitudes of the Atlantic is below normal, while the geopotential height over the central North Atlantic, eastern United States, and western Europe is above normal. Under this phase, above-normal temperatures tend to be found in the eastern United States and across northern Europe, and below-normal temperatures in Greenland and oftentimes across southern Europe and the Middle East. Additionally, above-normal precipitation can be seen over northern Europe and Scandinavia and belownormal precipitation over southern and central Europe. During the negative phase of the NAO pattern, the temperature and precipitation anomaly patterns are reversed. However, so far there have been few studies on the association of the NAO with the meteorological conditions in Asia, including the Tibetan Plateau.
The purpose of this study is to examine major spatial patterns of interannual variability in summer precipitation in the eastern Tibetan Plateau (ETP), mostly in the area east of 88ЊE. An attempt is made to relate the spatial structure of interannual summer precipitation variability to macroscale atmospheric circulation conditions. More specifically, we examined the relationships between ETP summer precipitation variability and the Northern Hemisphere teleconnection patterns, especially the NAO pattern, and explored the possible underlying mechanisms of such relationships.
Data and method
Most weather stations on the Tibetan Plateau were established in the early 1950s and reliable continuous records have been generated since the 1960s. Therefore, the period 1961-90 becomes the first 30-yr period that has been considered as the standard or baseline for comparison for many different purposes in climatological investigations. On the other hand, the World Meteorological Organization (1996) uses the period 1961-90 as climatological normals for some 4000 stations in 130 countries at the present time. For these reasons, it is important to conduct a detailed study of the variability of precipitation for this time period. We collected monthly precipitation data for 66 stations above 2000 m MSL in ETP for this study. These stations have nearly complete summer (June, July, and August, same in the following) monthly precipitation records and are evenly distributed throughout the study area (Fig. 1) . The western Tibetan Plateau was not included in this study because of the lack of observational data. It is worthwhile to point out that most of the precipitation data used in this study have not been incorporated into some of the well-known global datasets, such as the Global Historical Climate Network of Vose et al. (1992) or the Climate Prediction Center merged analysis of precipitation of Xie and Arkin (1997) .
We first performed screening of the data for obvious erroneous values. Then we employed multiple regression to correct a few problematic values and to fill the missing values using data from the surrounding stations. High correlation coefficients or high values of the coefficient of determination (R 2 ) in regressions ensured reasonably accurate estimates. Then for all stations, we calculated total summer precipitation for each year and the normalized anomalies:
where Z it is the normalized summer precipitation anomaly of a given station i for year t, P it is the summer VOLUME 14 precipitation of station i for year t, P i is the mean summer precipitation of station i for the 1961-90 period, and i is the standard deviation of summer precipitation of station i during this period.
For macroscale atmospheric circulation conditions, we used the 1961-90 monthly 500-hPa geopotential height data with 5Њ lat ϫ 10Њ long interleaving grids over the Northern Hemisphere compiled by the State Meteorological Administration of China. Additionally, we obtained the 1961-90 monthly mean wind data (2.5Њ ϫ 2.5Њ) from the National Centers for Environmental Prediction-National Center for Atmospheric Research reanalysis (Kalnay et al. 1996) . We also obtained the 1961-90 monthly values of the standardized Northern Hemisphere extratropical teleconnection indices from the Climate Prediction Center (CPC) of the National Oceanic and Atmospheric Administration (CPC 1999) . Table 1 lists the names of 14 teleconnection patterns. These teleconnection indices are calculated based on rotated principal component analysis of 700-hPa geopotential height anomalies as described by Barnston and Livezey (1987) . For this study, we only included those teleconnection patterns that are leading patterns (represented by the first 10 rotated principal components)
for at least two summer months (Table 1) , and averages were calculated for each summer during the study period.
The spatial and temporal variations of ETP summer precipitation are revealed by empirical orthogonal functions or principal component analysis (PCA ; Kutzbach 1967; Richman 1986 ). This method has been widely used as a means to reduce data redundancy (Johnston 1980) . In PCA, a new set of variables, known as principal components (PCs), are calculated as linear functions of the old variables. The new dataset, with fewer variables, retains most of the information of the old dataset, and the new variables or PCs are orthogonal to each other. When PCA is performed on a spatial dataset, the resulting PCs may represent geographically distinct regions. In other words, each PC represents a specific group of locations/places, as indicated by the loading values or the correlation coefficients between a given PC and the original variables, which form spatially contiguous regions.
To verify the PCA results, we also used the K-mean cluster analysis (Tu et al. 1984) to classify the stations into a known number of groups or subregions. The Kmean method is one of the simplest classification methods. Once the number of clusters or classes is set, the data will be first grouped using some artificial boundary conditions and the means of the groups are calculated. Then each individual is assigned to a group based on its distance to the group means. In the second iteration, the group means are recalculated, which will shift toward the centers of the natural clusters within the data. Based on the new means, the data will be reclassified. This process will be repeated until in the following iterations the shift of means becomes minimal or smaller than a preset threshold. The subregions obtained from the K-mean cluster analysis are compared with the spatial pattern revealed by the PCA.
Additionally, we used correlation analysis to explore the relationships between the precipitation variation over ETP and atmospheric circulation patterns, and composite analysis for selected years to demonstrate typical atmospheric conditions corresponding to specific precipitation variation patterns.
Spatial and temporal variation characteristics of the summer precipitation
For most of the 66 stations examined in this study, summer precipitation accounts for more than 60% of the total annual precipitation. Therefore, summer precipitation bears significant meanings to many ecological processes as well as human activities in the region. When long-term summer precipitation averages are examined (Fig. 2a) , it is clear that precipitation gradually decreases from southeast to the northwest, from approximately 700 mm to lower than 50 mm. Such changes are also reflected in vegetation, varying from forest to grassland and then desert. The isohyetal of 250 mm, running along 33ЊN, roughly divides ETP into two subregions. Figure 2b reveals the pattern of relative precipitation variability, as represented by the coefficient of variation (percentage of the standard deviation to the mean of the summer precipitation at each station). It can be seen that there exists a band of low variability in the middle section of ETP but higher precipitation variabilities in the northern and southern parts of ETP. This is because in the northern part of ETP the mean precipitation is small, while in the southern part of ETP the standard deviation of precipitation is large.
Principal component analysis of the normalized 1961-90 summer precipitation anomalies at the 66 stations shows that the first eight PCs represent 73% of total variance in the original dataset. The first and second PCs explain 25% and 14% of total variance, respectively, while the remaining PCs explain less than 10% each (Table 2) . Buell (1975) argued that spatial patterns of unrotated PCs may be simply the result of domain shape. He demonstrated that different spatial datasets have similar PC loading patterns in a predictable sequence and such patterns may not reflect the underlying covariance within the data. Richman (1986) presented the result of a number of surveys to support Buell's claim. If the patterns, as indicated by loading maps, result from domain shape (e.g., rectangular), then the first PC should have a dominant pattern with a single sign that covers the entire area. The second PC should have an E-W flip-flop pattern with opposite signs (ϩ Ϫ), while the third through the fifth PCs tend to have a mixture of Ϯ (N-S seesaw), Ϫ ϩ Ϫ (E-central-W oscillation), and ϯ Ϯ (same signs in diagonal directions) patterns.
When compared with the aforementioned sequence, the loading pattern of our first unrotated PC is clearly a N-S seesaw structure (Fig. 3a) . Since this pattern is out of order for the Buell or Richman's sequence, it is unlikely to be the result of domain shape. Therefore, certain local/regional circulation patterns may be attributed to such an inverse pattern of summer precipitation anomalies. The loading pattern of the second PC suggests that the precipitation variation over the central part is out of phase with that in the areas surrounding the ETP (Fig. 3b) . This pattern could result from the descending current to compensate the upward motion over the central section in summer (Yeh and Gao 1979) . The spatial structures of the other PCs are not shown because of their low variance contributions. Most likely they represent localized variations patterns.
To further verify whether the N-S seesaw structure revealed by PC1 is a true variation pattern rather than the result of domain shape, we grouped the 66 stations into two groups using the K-mean cluster analysis. This procedure produced two contiguous subregions, with 37 stations in the north and 29 stations in the south (see Fig. 3a ). The division between the two subregions coincides conveniently with the zero contour of the PC1 loadings (Fig. 3a) . Then we calculated the area-mean VOLUME 14 normalized summer precipitation anomalies for the northern and southern subregions, as Z n and Z s , respectively. The correlation coefficient between Z n and Z s during 1961-90 is Ϫ0.5 at the 0.01 significance level, indicating a strong inverse relationship between the precipitation anomalies in the two subregions. We further calculated the precipitation variation gradient index (G t ) as the difference between Z s and Z n in a given year:
A large positive value of G t represents a strong positive precipitation anomaly in the southern subregion corresponding to a strong negative precipitation anomaly in the northern subregion; while a large negative value of G t indicates an inverse pattern. A low absolute G t value results from both subregions having similar anomaly values, for example, when the entire study area has either positive or negative anomalies. The correlation coefficient between G t and PC1 is 0.96 for the 30-yr period at the 0.0001 significance level. Some previous studies based on data from various sources also suggested to different degrees that precipitation variations in the northern and southern Tibetan Plateau tend to be out of phase (Liu and Zhang 1998; Wang and Wu 1997; Nitta and Hu 1996) . Therefore, the seesaw structure revealed by PC1 should represent a true mode of spatial variation of summer precipitation anomalies in ETP. Since this pattern is represented by the most important PC that explains 25% of total variance in the station precipitation anomaly data, it is considered as the dominant pattern of summer precipitation variation in the study area and the focus of this study.
Influence of the NAO on the variation of the summer precipitation
To explain the N-S seesaw pattern in summer precipitation anomalies in ETP, we correlated the detrended and normalized PC1 with the Northern Hemisphere extratropical teleconnection indices (Table 3) . Among these teleconnection patterns, only the NAO pattern is strongly correlated with the PC1 (r ϭ Ϫ0.67 at the 0.0001 significance level). The precipitation variation gradient index (G t ) essentially displays the same tendency (Table 3) . We also plotted the detrended and normalized summer NAO index (NAOI) and PC1 during 1961-90 (Fig. 4) , again showing a strong inverse relationship. According to CPC (1999) , the NAO index adopted for this study is based on the 700-hPa geopotential height anomalies (Barnston and Livezey 1987) and combines parts of the east Atlantic and west Atlantic patterns as described by Wallace and Gutzler (1981) .
In order to investigate the association between NAO and precipitation anomalies over ETP, we chose typical years with low and high NAO index values corresponding to high and low PC1 scores. We selected the years of 1962, 1965, 1977, 1980, 1985, and 1987 when the NAOI values were lower than Ϫ0.5 while the corresponding detrended PC1 scores were higher than 0.5 and defined these years as the low index years. Similarly, we selected six high index years when the NAOI values were higher than 0.5 but the corresponding PC1 scores were lower than Ϫ0. 5: 1967, 1972, 1975, 1976, 1983, and 1989 . Figure 5 shows the normalized summer precipitation anomaly averaged for 6 years of low NAOI (Fig. 5a ) and 6 years of high NAOI (Fig. 5b ). There is a strong contrast in the precipitation anomalies between the low and high NAOI years. During the low (high) NAOI years, positive (negative) anomalies appear over the southern part of ETP while negative (positive) anomalies appear over the northern part of ETP. The middle section of ETP is an area where the precipitation variability is relatively small, as observed in Fig. 2b .
We constructed the composites of 500-hPa geopotential height differences between the low and high index years (Fig. 6) . The 500-hPa geopotential height during the low index years is higher in the high latitudes over Greenland and low latitudes south of 40ЊN, especially from the eastern Atlantic to the western Europe, than those during the high index years, as indicated by the positive values in Fig. 6 . Meanwhile, the 500-hPa geopotential height is lower in most parts of the midlatitude areas from North America, the Atlantic, to Europe between 40Њ and 60ЊN than those during the high index years. It is particularly interesting to notice that the height differences are positive in the northern Tibetan Plateau, but negative in the southern plateau, although the magnitude is small. It is well known that 500-hPa lows and shear lines across the Tibetan Plateau are major systems to bring summer precipitation over the study area (Group for the Qinghai-Xizang Plateau Meteorology Study 1981; Xu 1984; Ding 1994) . The dipolar pattern in the 500-hPa geopotential height difference over the Tibetan Plateau and its surrounding areas suggests that the circulation pattern during low index years facilitate the development of lows over the southern part of the Tibetan Plateau, but restrain that over the northern part of the plateau. Therefore, the summer precipitation in the low index years is often above normal in the southern ETP but below normal in the northern ETP. On the contrary, during the high index years the circulation pattern facilitates the development of lows and causes above-normal precipitation over the northern ETP. What is important, however, is the association of the local circulation patterns over the plateau and its surrounding areas to the NAO pattern, a teleconnection pattern not well known for its influence outside Europe and eastern North America. The association of the regional circulation over the Tibetan Plateau with NAO pattern can be observed more directly from wind fields. We used the 600-hPa wind data since it is the standard pressure level closest to the plateau surface (Yin 1986; Ding 1994 ). In the multiyear mean summer wind field at 600 hPa (Fig. 7a) , the westerly winds prevail along the north of 35ЊN from northern Atlantic Ocean to east Asia. Because of the effect of the plateau topography, the westerly winds bifurcate into two branches over the Caspian Sea: one passes by the northern side of the plateau and the other flows around the southern side of the plateau. These two branches then meet to the east of the plateau. Therefore, on average, there are anticyclonic vorticities to the north of the plateau, but cyclonic vorticities to the south of the plateau. Correspondingly, there exist northerly winds over the northern ETP but southerly winds over the southern ETP.
In the composite of the wind vector anomalies of the six low NAO index years (Fig. 7b) , the westerly winds are clearly stronger than normal between 40Њ and 50ЊN from the eastern Atlantic Ocean to western Eurasia. The intensified westerly winds promote the development of anomalous anticyclonic flows south of 40ЊN over west Asia, enhancing the northerly flows to the west of the Tibetan Plateau and the dynamic bifurcating flows to the south of the plateau. As a result, the southerly and southwesterly winds are intensified in the southern plateau, facilitating moisture transport and bringing rainfall to the southern ETP. At the same time, because of the strengthened southern branch of the westerly flows around the plateau, an anomalous cyclonic flow pattern develops over east Asia. The northern ETP becomes drier under the influence of the northerly and northeasterly flows (Fig. 7b) .
In the composite of the wind vector anomalies for the six high index years (Fig. 7c) , it can be seen that the westerly winds are weaker than normal between 40Њ and VOLUME 14 . Summer mean 500-hPa geopotential height difference between the six low NAO index years and six high index years (gpm). The contour interval for the range from Ϫ10 to ϩ10 is 2 gpm and that beyond this range is 10 gpm. The shaded area is the Tibetan Plateau.
50ЊN from the eastern Atlantic Ocean to western Eurasia. Thus the flows passing by the plateau are significantly reduced in strength and an anomalous anticyclone develops to the east of the plateau. In this case, there are anomalous southerly and southeasterly winds that extend into the northern ETP and easterly winds to the south of the plateau (Fig. 7c) . Consequently, abovenormal precipitation occurs in the northern ETP as moisture is more readily available, while below-normal precipitation is seen in the southern ETP because of the weakened southerly and southwesterly winds and possibly the influence of an anticyclonic flow pattern.
To further reveal the effect of the NAO-related circulation patterns, we analyzed the relationship between the upstream zonal flows and the meridional flows at 600 hPa over the Tibetan Plateau. The strength of upstream zonal flow is represented by summer mean zonal velocities at 47.5Њ, 45Њ, 42.5Њ, and 40ЊN, averaged for the longitudes between 35Њ and 45ЊE over the Black Sea, where the westerly wind begins to be deflected southward. The strength of the plateau meridional flows is represented by summer mean meridional velocities at 25Њ and 27.5ЊN for the southern ETP, and 35Њ and 37.5ЊN for the northern ETP, averaged for the longitudes between 92.5Њ and 102.5ЊE. Table 4 contains the correlation coefficients between the upstream zonal velocities VOLUME 14 and ETP meridional velocities for the 30 summers during 1961-90. The meridional flow strength over the southern ETP is positively correlated with the upstream zonal flow strength, while that over the northern ETP is negatively correlated with the upstream zonal flow strength. Fourteen out of the 16 correlation coefficients are statistically significant at the 0.05 level. On average, there are northerly winds (i.e., negative meridional velocities) in the northern plateau and southerly winds (i.e., positive meridional velocities) in the southern plateau (see Fig. 7a ). Therefore, the correlation coefficients in Table 4 indicate that with stronger upstream westerly winds, the strength of northerly winds in the northern part of ETP increases (further negative), while the strength of southerly winds in the southern part of ETP also intensifies.
We examined the vertical wind profile with regard to the meridional circulation crossing ETP at 95ЊE (Fig.  8) . For the mean summer meridional circulation during 1961-90, there are upward motions over ETP, with strong ascending flows at approximately 35ЊN (Fig. 8a) . The difference between the six low NAO index years and the six high index years (Fig. 8b) suggests that both the near-surface upward motion in the southern ETP and downward motion in the northern ETP are enhanced in the low index years compared with the high index years. Such a pattern of vertical motions, in combination with the horizontal flow pattern as shown in Fig. 7 ,
further explains the above-normal summer precipitation in the southern ETP and below-normal summer precipitation in the northern ETP during the low NAO index years. The rainfall anomaly pattern during the high NAO index years as exhibited in Fig. 3b can be explained by the reversal of the vertical motions, with enhanced upward motion in the northern ETP and reduced ascending flow in the southern ETP (Fig. 8b) . The changes in the horizontal and vertical flow patterns corresponding to the two phases of the NAO pattern seem to be the main mechanism for this circulation pattern to influence the regional precipitation anomalies over ETP.
To explore other macroscale atmospheric conditions that may influence the seesaw pattern of precipitation in ETP, we also correlated the detrended PC1 with the CPC's Southern Oscillation index (SOI; CPC 1999) for the period 1961-90. A large number of previous studies (e.g., Shukla and Paolino 1983; Webster et al. 1998) have shown that the Indian summer monsoon is influenced by the El Niño-Southern Oscillation (ENSO) associated with the equatorial Pacific sea surface temperature anomalies. With close proximity, one would assume that there exists a notable correlation between the precipitation pattern in EPT and the SOI as well. However, the correlation coefficient between PC1 and SOI is only Ϫ0.27 for the 30-yr period. For comparison, the correlation coefficient between all-India summer precipitation and SOI is 0.39 at the 0.05 significance level for the same period. Additionally, the correlation between PC1 and all-India summer precipitation is also low (Ϫ0.28). Although our result is far from conclusive, it is reasonable to suggest that at least for this specific spatial pattern of precipitation regime in ETP, the impact of the concurrent ENSO events is not as important as that of the circulation pattern associated with the NAO.
Conclusions
Using principal component analysis, we identified the dominant pattern of interannual summer precipitation variation as a N-S seesaw pattern in ETP for the period 1961-90, the first available 30-yr standard period of climatic norms and baseline conditions for the study area. When the temporal variation of the leading precipitation anomaly pattern over ETP is correlated with major North Hemispheric teleconnection patterns that are active during the summer season, the North Atlantic oscillation stands out as the most influential atmospheric circulation pattern. In summers with low NAO index values, the geopotential height in the mid-and lower troposphere is above normal in high and low latitudes of the North Atlantic but below normal in midlatitude North Atlantic. As a result, the upstream westerly winds between 40Њ and 50ЊN from the eastern Atlantic Ocean to western Eurasia intensify, causing anomalous anticyclonic flows in the lower latitude area to the west of the plateau and reinforced bifurcating flows to the south and southeast of the plateau, which generate cyclonic flows to the east of the Tibetan Plateau. Such macroscale circulation conditions promote the development of anomalous northerly winds to the north of ETP and anomalous southerly winds to the south of ETP, producing anomalous near-surface upward current in the southern part of ETP and subdued upward currents in the north. Under such a condition, above-normal summer precipitation occurs in the southern ETP, while below-normal precipitation is seen in the northern ETP due to the combined effects of the horizontal flows that control the supply of atmospheric moisture and the vertical motions that induce cloud formation. During the years of high NAO index values, there is an inverse pattern of summer precipitation anomalies as the result of the weakened upstream midlatitude westerly winds.
The significance of this study is not only the identification of a dominant spatial pattern of interannual summer precipitation variability over ETP, but also the explanation of such a variation pattern in the context of macroscale circulation patterns. More specifically, the North Atlantic oscillation pattern, a teleconnection pattern known to have significant impact on weather conditions in eastern United States and western Europe, is found to be the most important factor of the summer precipitation variability over ETP. Our results indicate that the NAO pattern as an indicator of the strength of midlatitude westerly winds has far-reaching impact downstream and may be useful in mid-to long-range weather forecasting for ETP.
